The equilibrium diagram of the system silver-zinc
I. Introduction
The equilibrium diagram of the system silver-zinc has attracted great attention since the liquidus curve was first investigated by Hey cock and Neville (1^97). The main form of the diagram was established by Car penter and Whiteley (1913) , and the general conclusions of the earlier work are summarized by M. Hansen (1936) , whose diagram is shown in the full lines in figure 1 . B. G. Petrenko (1929) concluded that the liquidus and solidus curves for the /?-phase coincided at 50 atomic % of zinc, so th at the equiatomic alloy froze at constant temperature. More recently, Owen and Edmunds (1938) , using X-ray methods with quenched filings, have pro posed considerable changes in the phase boundaries; these are shown in dotted lines in figure 1, and in some places are in conflict with the results of Heycock and Neville. The system is of interest because, as was shown by Hume-Rothery, Mabbott and Channel-Evans (1934) ,* the depression of the freezing-point of silver produced by addition of zinc was, to within the limits of accuracy then available, that to be expected for a trivalent element, a fact which led to the concept of whole-number liquidus factors. The system is also of general importance, since zinc contracts the lattice spacing of silver by an amount almost equal to the lattice expansion produced by an equal atomic percentage of cadmium. An examination of the equilibrium diagrams of the systems silver-zinc and silver-cadmium thus enables us to compare the relative effects of lattice contraction and expansion. In view of the discrepancies between the results of previous investigators, and the general interest of these alloys, we have made a very detailed examination of the whole system. The present paper describes the general results of this work, whilst the full details have been deposited with the Royal Society.* -----V atomic percentage of zinc 
II. Experimental details
The silver used in the present work was assay silver grain from Messrs Johnson Matthey and Co., Ltd. The zinc used for the cooling curve work was Crown Special Zinc of 99-995 % purity, kindly presented by the National Smelting Co., Ltd., of Avonmouth. For the alloys prepared for phase-boundary determinations, use was made of two brands of spectro scopically pure zinc presented by the New Jersey Zinc Corporation of U.S.A., and by the National Smelting Co., Ltd., of Avonmouth; the authors must express their extreme gratitude to these two firms for their generosity.
For the determination of the liquidus curves, alloys were melted in quantities of 100-150 g. in graphite crucibles. For alloys melting above 700° C a sodium-chloride/potassium-chloride flux was used, together with a layer of small pieces of charcoal, whilst for the alloys of low meltingpoint a covering of powdered charcoal alone was employed. The cooling curves were taken in the manner described by Hume-Rothery and Rey nolds (1937) , and all the precautions taken by these authors were followed. The composition of the melts at the moment of freezing were determined by two methods. In one of these, a small sample was removed by suction through a silica tube when the melt was slightly above the expected liquidus point, and the change in composition owing to the volatilization of zinc between the time of extraction and th at of freezing was allowed for. In the second method, the crucible was removed from the furnace immediately the arrest was established, and was allowed to cool in air, after which the whole ingot was dissolved for analysis. In alloys for which the liquidus and solidus curves are close together (e.g. the /?-liquidus curve) the two methods gave results in close agreement, but, when the alloys had a greater freezing range, the extraction method was found to give liquidus points which were higher by amounts of the order 05-2-5° C than those obtained by the analysis of the whole ingot. This phenomenon was similar to th at found by Hume-Rothery and Reynolds for silver-tin alloys, the probable explanation being that, as the suction tube is raised, a small drop of semi-liquid alloy falls back into the melt, so that the composition of the extracted sample is no longer that of the melt as a whole. The method involving the analysis of the whole ingot is therefore more accurate, since the volatilization of zinc during rapid cooling was negligible.
The solidus curves of the 97, e and y phases were determined by the usual method of quenching, followed by microscopic examination. In all cases the specimens were first made homogeneous by a preliminary annealing treatment, and were then heated at the required temperature for a period of at least 30 min., during which the temperature was con trolled by hand to within + 0-5° C of the required value. For the /?-solidus curve, this method was unsatisfactory, since the frequent decomposition of the /? phase on quenching made it difficult to detect the first traces of chilled liquid. A heating curve method was therefore adopted, using a cylindrical specimen enclosed in an evacuated silica tube, as described by Hume-Rothery and Raynor (1937) . With a rate of heating of the order 1° C per min., the thermal arrests were sharp, and there was no tendency
The equilibrium diagram of the system silver-zinc 151 to obtain arrests at too high temperatures owing to a time lag between the thermocouple and the alloy. It was, however, essential to test the ingot most scrupulously for segregation, since any variation in composition results in the alloy melting at too low a temperature. Experiment showed th at the loss of zinc during an actual heating curve in a sealed tube was negli gible, and the policy adopted was therefore to cut a second specimen from the part of the ingot adjacent to th at used for the heating curve specimen, and to give this duplicate specimen exactly the same preliminary heat treatment as that of the heating curve specimen. The inside and outside of the duplicate specimen were then analysed, and, if any marked difference was found, the ingot was rejected. Where the differences in composition were a few tenths of an atomic per cent, the value with the higher zinc content was taken, since the zinc-rich portion would melt first. This pro cedure does not guard against the danger of longitudinal segregation, but this was not serious for the a-and /?-alloys, although for the y-and e-alloys, segregation effects were much greater, and only the quenching method was possible. For the a phase, both the heating curve and the quenching methods were used, and the results were in good agreement, and, since the dangers from segregation are greater for the a than for the ft phase alloys, the points for the ft phase may be accepted with confidence.
The solid solubility curves for the different phases were determined by the usual methods of annealing, quenching, and microscopic examination. The general methods have already been described by H.-R., M. and C. -E. (1934) and by Hume-Rothery and Raynor (1937) , and Foster temperature controllers were again used for controlling the temperature. For the majority of alloys, the most suitable etching reagent was found to be a mixture of sulphuric and chromic acids, the strength of which required careful adjustment according to the class of alloy.
In cases where the high-temperature X-ray camera was used to deter mine phase boundaries, the general methods of Hume-Rothery and Reynolds (1937) and Hume-Rothery and Raynor (1939) were used. Annealing of the X-ray specimens was carried out in the high-temperature camera, the temperature of which was controlled by a Foster potentiometric regulator. The chief source of error found was that, in sealing off the silica capillary containing the filings, accidental heating of some of the filings might occur, and cause local volatilization of zinc, with the pro duction of a specimen of uneven composition. The policy adopted was to analyse the actual X-ray specimens after the experiment, with the rejec tion of the filings near the extreme tip of the specimen. The lump from which the filings were prepared was also analysed, and if any marked difference between the two analyses was found, the experiment was rejected.
The analyses of the alloys were carried out by Messrs Johnson Matthey and Co., Ltd., and the author's thanks are due to Mr A. R. Powell for his constant help in this connexion. For the cooling curve ingots, both zinc and silver wrere determined. For the alloys used in the determinations of the solidus and solid solubility curves, the critical alloys in the immediate vicinity of the phase boundaries were analysed, the analyses being carried out on the actual specimens used for the microscopic examinations. Both sides of the specimens, and sometimes an additional cross-section were examined before the specimens were dissolved for analysis. In general the specimens were analysed by determining silver only, but a large num ber of alloys were analysed for both silver and zinc as a check on the purity. The analyses were highly satisfactory, and no indication of any con tamination was found.
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III. The liquidus curve
The results of the cooling curve experiments are shown in figures 2-4, and are in table 1 of the collected tables deposited with the Royal Society. The liquidus points of Heycock and Neville (1897) were published in a series of tables, of which those for the silver-rich alloys contained a value for the freezing-point of silver, these freezing-points varying by 2 or 3° C. If, as in the paper of H.-R., M. and C.-E., it is assumed that these varia tions are due to an error in the pyrometer, which remained constant throughout the particular series, the figures can be corrected to the stan dard silver point of 960-5° C. If, however, the variation is due partly or wholly to oxidation of the silver, this procedure is incorrect, since zinc acts as a deoxidizer. In view of this uncertainty, we have in figures 2-4 shown these results of Heycock and Neville by means of vertical lines, the lower ends of which give the freezing-points recorded in the original paper, and the upper ends, the same points corrected to a silver point of 960-5° C.
Examination of figures 2-4 shows that our liquidus results are in extremely good agreement with those of Heycock and Neville, and the liquidus curve may be regarded as established to a high degree of accuracy. The curve divides itself into five parts corresponding with the crystallization of the a, /i, y, e There are two independent determinations in the present work at the point marked a. In this figure all points from the present work refer to specimens or ingots which were actually analysed. yf V Partly liquid alloys. The shaded points refer to the specimens which were actually analysed after an nealing at the temperature concerned. workers, but in contradiction with the phase boundaries proposed by Owen and Edmunds, which would require the arrest to be shown by all alloys between 51 and 62 atomic % zinc. The present liquidus curve gives the composition of the liquid phase at the a + liquid^/? peritectic horizontal as 37*5 atomic % of zinc, and is thus in conflict with the results of Owen and Edmunds, who give the composition of the solid fi phase at this point as 40-0 atomic % zinc, this composition lying in totally liquid region, according to the results of both Heycock and Neville, and of the present work.
IV. The a phase
The a-solidus curve as determined by the quenching, and heating curve method is shown in figure 2 , and is in places as much as 10° C lower than the values given in the collected tables of H.-R., M. and C.-E. Reference to the original tables shows th at all but two of the temperature brackets of H.-R., M. and C.-E. could be reconciled with the present data, but one point was definitely incorrect, and it is this which accounts for the in correct solidus curve drawn by H.-R., M. and C.-E.
The a-solid solubility limit at the 709-8° C peritectic horizontal was determined as 32-1 atomic % of zinc. This value was accurately established by means of alloy 32-06* which consisted of homogeneous a after quenching from 710-5° C, but contained clear traces of chilled liquid after quenching from 712-5° C. The whole of the high-temperature portions of the a/a-f/? boundary determined in the present work lies slightly to the silver-rich side, of that proposed by Owen and Edmunds, and this cannot be ascribed to insufficient annealing, since the times of annealing in the present work were very much the greater. The microstructures of these alloys were quite clear, and since the actual specimens were analysed, we can only conclude that the boundary given by Owen and Edmunds is incorrect; a possible explanation of this discrepancy is given later (p. 158).
With falling temperature, the solubility of zinc in silver increases, as in the typical a//? brass type of equilibrium, until a maximum of 40-2 is reached at 258° C (point P). The value obtained by Owen and Edmunds for this point was 40-0 atomic % zinc. Below 258° C the solubility of zinc in silver diminishes comparatively rapidly, and at 200° C it is only 36-7 atomic %. This decrease in solubility is due to the fact that below 258° C, the a phase is in equilibrium not with the /?, but with the £ phase which has a complicated hexagonal structure. For this part of the diagram, the a/a + £ boundary was determined by annealing alloys which had pre viously been made homogeneous by a long treatment at 300° C. Pre cipitation of the £ phase took place slowly, and it is probably this fact which accounts for our finding a greater decrease in solubility of zinc in * For convenience an alloy containing x atomic % of zinc will be described as alloy x.
silver than Owen and Edmunds, since our final annealing treatm ent varied from 37 days at 250° C to 52 days at 202° C, whereas the maximum time given in the table of Owen and Edmunds is 76 hr.
V. The yd phase
The yd phase limits are shown in figures 3 and 5, and it is for this phase that our results at high temperatures differ most widely from those of Owen and Edmunds. For the composition of the yd phase at the 709*8° C peritectic horizontal, we obtain the value 36*0 atomic % zinc, as com pared with the value 40*0 atomic % zinc given by Owen and Edmunds, and for the whole of the high temperature region, our results give the a + yd/yd boundary as lying considerably to the silver-rich side of th at of Owen and Edmunds, although below 500° C the two investigations are in reasonable agreement. These differences are probably due to decom position of the yd phase on quenching, since microscopic examination showed that on quenching from temperatures above 500° C, it was im possible to prevent decomposition of the yd phase, even though small specimens were quenched in iced brine. Fortunately, the structure of the decomposed yd phase was so fine th at no difficulty was experienced in distinguishing between alloys quenched from the a + yd, and yd regions, *and so the a + yd/yd phase boundary could be accurately determined; photo micrographs of these alloys have been deposited with the Royal Society. Below 500° C no visible decomposition of the yd phase could be observed. This does not, of course, prove the absence of submicroscopic decom position, or mass transformation to a new structure, but it is at least significant that below 500° C the X-ray and microscopic methods give results differing by less than 1 atomic %. Decomposition of the yd phase during quenching occurs by precipitation of the a phase, so th at if Owen and Edmunds's specimen were affected by decomposition, this might account for an apparent shift of the a + yd/yd boundary in the zinc-rich direction, and also possibly for a similar error in the a /a + yd boundary. For, on account of the slope of the solubility curve, any decomposition of the yd phase during cooling will presumably result in the precipitation of a phase of increasing zinc content, and although this may not be sufficient to produce fuzzy lines, the centres of darkening of the lines may be shifted slightly, in the direction corresponding with increasing zinc content.
The results of the heating curve experiments for the determination of the fi solidus curve are shown in figure 3 . The freezing range of the yd phase is always small, and the solidus curve confirms the general type of diagram of the older investigations.
For the /?//? + y boundary, Owen and Edmunds gave an almost vertical line at 50-7-50-9 atomic % zinc, whereas our own results indicate th a t the boundary curves from 50-0 atomic % of zinc at 274° C, to 58-6 atomic % of zinc at the 660-6° C peritectic horizontal, in agreement with the evidence of the liquidus and solidus determinations. The difference between this conclusion and th at of Owen and Edmunds is undoubtedly connected with changes of the /? phase on quenching, since our results show that, between 45 and 48 atomic % of zinc, the alloys can be quenched without any apparent decomposition,* but th at when the zinc content exceeds about 50 atomic % of zinc, the character of the alloys changes entirely. By quenching in iced brine, alloys in the range 50-55 atomic % zinc can be obtained which show large crystals of /? with little or no sign of decom position. Quenching of the same alloys in ice and water produces a number of indefinite structures, some of which apparently contain three phases, whilst quenching in hot water gives rise to structures with clear decomposi tion. Alloys in the region 52-58 atomic % of zinc always underwent decomposition on quenching, with the formation of structures similar to those found in alloys from the corresponding parts of the /? phase areas in other systems (Cu-Zn, Cu-Ga). There was also a general tendency for the /? phase to decompose more readily in alloys quenched from the twophase (/? + y) area than in those quenched from the homogeneous./? region. Photographs of some of the decomposed structures have been deposited with the Royal Society, and fortunately, at the higher temperatures, these decomposed structures were sufficiently fine to be distinguished from those of alloys which contained the y phase as a genuine equilibrium constituent at the temperature of quenching, and in this way the /?//? + y boundary was readily determined down to 450° C, but below this temperature further difficulties were encountered, owing to the stability of some of the decom posed structures. If, for example, an alloy which at 300° C was in the (fi + y) region was first made homogeneous by annealing at 650° C, and then quenched, the 'decomposed' structure of the quenched alloy was sometimes so stable that prolonged annealing was necessary to obtain equilibrium at 300° C. To overcome this difficulty, the alloys were first made homogeneous by annealing at 600 or 650° C, and were then slowly cooled to successive temperatures, and then quenched. Under these conditions the y phase precipitated clearly, usually in the grain boundaries, and a period of 5 days at the final temperature was sufficient to ensure precipitation, and thus to obtain the + y boundary. The ft!ft + y phase boundary determined by microscopic methods clearly resembles that of the older diagrams, but it was thought advisable to obtain additional confirmation by X-ray methods. For this purpose, alloys 51-7 and 54-4 were annealed in lump form at 500° C, and quenched, after which X-ray specimens were prepared in silica capillaries, and films taken after annealing in the camera for 21 hr. at 500° C. The film from alloy* 54-4 showed lines due to both ft and y phases, whilst that from alloy 51*7 showed ft lines only. The y phase is characterized by a strong diffraction line near to the (211) line of the ft phase, and this forms a sensitive test for the presence of the y phase. These results agree with the microscopic evidence which was further confirmed by a photograph of alloy 53-9 which showed ft phase lines only at 600° C. A sample of alloy 56-0 was similarly treated at 640° C, and photographed after 6 hr. annealing in the camera, and the film showed a faint y line although, according to the microscopic work, the alloy at this temperature should consist of the ft phase only. Using another specimen of the same alloy with a longer time of annealing in the camera the y line became fainter, suggesting th at true equilibrium had not been reached. Finally, filings of the same alloy were prepared in nitrogen, using the apparatus of Hume-Rothery and Raynor (1939) , and films were taken after annealing the specimen in the camera for 23, 47 and 94 hr. respectively. These films showed lines due to the ft phase alone. The temperature of the camera was then reduced by steps of 20° C, and films were taken after annealing for periods of about 22 hr. at each temperature.f The films at 560 and 580° C showed clear y lines. These films were not suitable for lattice spacing measurements, since, in contrast to the films taken at 500° C, the high-angle lines were very faint, and the general scattering considerable. The low-angle lines were, however, quite clear, and the whole series of films was therefore examined in the region of the (211) ft phase line by means of a Hilger photoelectric microphotometer, and the photometer curves showed a definite indication of a faint y line in the 600° C film, but not in the films at 620 and 640° C. The analysis of the specimen gave the value 55-7 atomic % zinc, and the method therefore gives the /?//? + y phase boundary for this alloy as lying between 600 and 620° C in complete agreement with the value 615° C obtained for the curve given by the microscopic work. Further, the marked increase in the intensity of the y line as the tem perature fell below 600° C clearly supports the phase boundary of the type shown in figure 3 , and is not what would be expected from an almost vertical boundary. The microscopic and high temperature X-ray results are thus in complete agreement.
VI. The £ phase
The a + £/£, and £/£ + y phase boundaries were determined by micro scopic methods, and the results which are shown in figure 5 , indicate that, at the lower temperatures, the £ phase extends over a range of com position which is considerably greater than previously had been imagined. The times of annealing were extended to as much as 52 days at 200° C, and it is probably this which accounts for the discovery of the wider range of solid solubility.
The /?^£ transformation was studied by X-ray methods, since the work of previous investigators showed that, although the transformation ex tended over a comparatively short range of temperature, the arrest points on heating and cooling curves might differ by as much as 20-40° C. In the present work the alloys in the homogeneous £ region were given two different annealing treatments in lump form, {a) a preliminary high-tem perature treatm ent followed by 25 days at 230-250° C, in order to obtain the alloy in thorough equilibrium in the £ region, and (6) an annealing treatment at 600-650° C, followed by quenching in cold water. Filings were then prepared, and annealed for 5-6 hr. at different temperatures, in the high-temperature X-ray camera, after which an exposure was made, and the camera was allowed to cool to room temperature, and was then heated to another temperature, and a further exposure made. This pro cedure will be called the 'normal m ethod', and, during the preliminary anneal in the camera, the temperature was controlled to within ± 1-5° C of the desired temperature by automatic control, whilst during the actual exposure, the temperature was controlled by hand to ± 0-5° C. The lump annealing treatments (a) and (b) gave equally sharp lines for the £ phase, showing that the period of 5-8 hr. was sufficient for the quenched alloy to reach equilibrium in the homogeneous £ region, although in the two-phase region much longer times were required. Using the normal method, the results were reproducible in the sense that if, for example, a particular alloy was found to be in the £ region at 260° C, and in the /? region at 265° C, a subsequent exposure at 260° C again gave £ phase lines only,
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showing that, on using the normal method, the effect of heating into the /? region was destroyed by the subsequent annealing in the £ region. In this way films were obtained showing or £ lines, whilst at some inter mediate temperatures (/? + £) lines were obtained. The effect of extending the annealing period from 5 to 28 hr. was studied for one alloy in the (/? + £) region, and only slightly increased the relative intensity of fi lines, sug gesting that the normal method gave results very near to those of true equilibrium. When, however, alloys were heated in the X-ray camera to 350° and 400° C, and then cooled rapidly to fixed temperatures, and annealed for 5 hr., the transformation from the /? to the £ phase took place at temperatures as much as 10° C lower than those given by the normal method. An alloy heated a few degrees above the transformation tem perature, and then slowly cooled over a period of several days, trans formed at a temperature about 5° C lower than th at indicated by the normal method, and the proportion of the £ phase increased considerably with time of annealing. These differences may be connected with the development of short-range order in the /? phase at low temperatures, since, although superlattice lines are not shown, many facts* suggest th a t ordered structures of some kind are present, and the magnitude of the effects resemble those found by Sykes and Jones (1939) for the CuPd transforma tion. The procedure adopted was to draw the most probable curve through the points obtained by the normal method, and then to lower this curve by 3° C in order to allow for the difference between results obtained on heating up or cooling down. This adjusted curve is shown in figure 5 , and, in view of the narrowness of the two-phase region, further progress is impossible until the X-ray camera can be controlled to within a fraction of a degree over a long period. The temperature of the /? + y = £ trans formation is based on the results for an alloy containing 50-0 atomic % of zinc, which is just at the boundary of the (3 phase, and this was con firmed by additional experiments which showed th at with two-phase alloys this transformation exhibited little or no hysteresis. The tempera ture of the a + £^/? transformation was determined by means of twophase alloys annealed in lump form at 250° C, and then treated by the normal method. Additional experiments, in which the specimen was first heated above the transformation temperature and then cooled down by small steps, gave a result 5° lower than th at from the normal method, and the line in figure 5 is therefore drawn 3° C lower than th a t given by the normal method. Full details of the experiments made to test these effects have been deposited with the Royal Society (table 11) The solid solubility limits of the y, e and 7j phases are shown in figures 3-6, and are in tables 6-10 of the collected tables. Between 500 and 600° C our results for the ft + yjy boundary are in good agreement with those of Owen and Edmunds, but above 600° C we place this boundary further to the zinc-rich side, and for the limiting value at the peritectic horizontal (point K )we obtain 61-4 ± 0-3 atomic % zinc as compared with Owen and Edmunds's value of 59• 5 atomic %. We think that the present values are atomic percentage of zinc or cadmium F ig u r e 6 the more probable, since both alloys 59-77 and 60-00 contained appreciable quantities of the /? phase after annealing for 6 days at 650° C. Between 500 and 300° C we place the /? + y/y boundary to the s of Owen and Edmunds, and we confirm their observation th at the y phase area narrows below the temperature of the transformation. For the y/y + e boundary, our results are in good agreement with those of Owen and Edmunds at high temperatures, but at the lower temperatures our results show that the y phase becomes more restricted on the zinc-rich side than was previously supposed. We think th at this may be due to the fact that, whilst both series of investigations gave satisfactorily long preliminary annealing temperatures, the final annealing temperatures were very much longer in the present work, and this longer anneal may have enabled precipitations to occur.
For the e phase* our phase boundaries are in general agreement with those of Owen and Edmunds, except th at the present e/e + Tj boundary lies slightly more to the zinc-rich side, the difference at the higher tem peratures being of the order 1 to 2 atomic %.
The microscopic methods do not distinguish between the different modifications of zinc, and we have therefore adopted the policy of Hansen, and denoted the zinc-rich phase by the symbol ij. At the 430-7° C peritectic horizontal we place the maximum solubility of silver in solid zinc as 5-0 atomic %. This is considerably smaller than the value 6-2 atomic % given by Owen and Edmunds, but in good agreement with the value 5-3 atomic % given in the International Critical Tables as the most probable value given by the older work. The smaller solubility indicated by the micro scopic methods is not likely to be due to insufficient annealing, since, in our work, alloy 96-07 became homogeneous after 10 days at 400° C, whilst alloy 95-04 still contained traces of the e phase after 10 days at 400° C followed by 10 days at 419° C. At the lower temperatures the e + 7)l7j boundary was determined by the annealing of specimens previously made homogeneous by annealing for 10 days at 400° C; the final annealing treatments were extended to 81 days at 203° C, since a period of 29 days was found to be insufficient to ensure precipitation.
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VIII. D iscussio n
The present accurate determination of the equilibrium diagram of the system silver-zinc establishes certain points which may be briefly discussed.
(a) The liquidus curve of the a-solid solution of zinc in silver is slightly but definitely lower than the corresponding curve in the system silverindium which was accurately determined by Hume-Rothery and Reynolds (1937) . The hypothesis of whole number liquidus factors is therefore not confirmed.
(b) The suggestion of B. G. Petrenko (1929) that the /Miquidus and solidus curves coincide at 50 atomic % of zinc is not confirmed. The freezing range is slight, but is about 3|° C at the equiatomic composition.
'(c) A comparison of the equilibrium diagrams of the system silver-zinc and silver-cadmium is made in figure 5.* The a solid solution is more restricted in the system silver-zinc, whilst the solid solution is very much larger. The ordered ft' (body-centred cube, caesium ch phase which is present as a stable constituent of the system silver-cadmium, is not a stable constituent in the system silver-zinc. The fact th at some alloys in the ft phase area in the system silver-zinc pass into the ordered state on quenching, suggests that the free energy of the ordered form is very nearly but not quite low enough to make the ordered structure a stable constituent. The remarkable change in the stability on quenching of the ft phase when the zinc content exceeds 50 atomic %, suggests clearly that a short-range order, not revealed by the present X-ray methods, is present.
The liquidus curves of the ft, y and e phases of the system silver-zinc show a marked flattening on the silver-rich side in agreement with the conclusion of Hume-Rothery, Reynolds, and Raynor (1940) th at increasing electrochemical factors give liquidus curves which tend to resemble those of definite compounds.
(d) If the present results are accepted, it is clear th at the X-ray methods with quenched filings are unreliable for this class of alloy, and th at if any suggestion of decomposition is found, other methods must be used, not merely for the phase which is decomposing (e.g. the a + ftjft and ftlft + y boundaries), but also for the phase in equilibrium with the decomposing phase (e.g. the oc + ft lft boundary). I t is also clear th at the use of que filings does not enable the phase boundaries to be determined accurately with short periods of annealing at the lower temperatures, since the longer times of annealing in the present work have given results which differ from those of Owen and Edmunds in the way to be expected if short annealing did not give true equilibrium. The conclusion may be drawn that for the accurate determination of phase boundaries in alloys of elements of which reasonable quantities are available, the classical methods are more suitable and reliable except in special cases such as superlattice formation, or failure to distinguish between phases by etching, etc. High temperature X-ray methods offer many possibilities, but the analysis of the actual specimens appear to be essential, and for this a micro chemical technique is required.
